Resumen.-Algunas especies de lenguados son capturadas incidentalmente con redes de arrastre y algunas de éstas son especies objetivo de una pesquería artesanal en el Golfo de California, México. Con el propósito de conocer cuántos individuos de la población están siendo capturados y cuáles son los efectos de estas capturas, el objetivo de este estudio fue estimar la abundancia de los lenguados capturados incidentalmente con redes de arrastre y en una pesquería artesanal o de pequeña escala en el Golfo de California, y determinar la posible competencia entre flotas (con redes de arrastre y la flota artesanal con redes agalleras) por el mismo recurso. Las muestras fueron recolectadas durante 2002 y 2003 de 3 diferentes fuentes: prospecciones de 2 barcos de la flota camaronera comercial, prospecciones en 2 cruceros de investigación y de una flota artesanal la cual opera a lo largo de la costa del estado de Sonora, México. La abundancia de los lenguados capturados en las redes de arrastre fue estimada usando el método de área barrida y a través de análisis de cohortes por talla fue estimada la abundancia para los lenguados capturados por la flota artesanal. Catorce especies de lenguados fueron identificados en las capturas incidentales con redes de arrastre, destacando Paralichthys woolmani, Etropus crossotus, Citharichthys fragilis, Citharichthys gilberti, Achirus mazatlanus y Syacium ovale. Seis de las 14 especies de lenguados capturados incidentalmente fueron también capturados por la flota artesanal, de la cual el 70% corresponde a P. woolmani. Se demostró que cada flota opera sobre diferentes fracciones de la población, individuos de 25 a 90 cm en longitud total fueron capturados por la flota artesanal y los valores de mortalidad por pesca y tasa de explotación fueron < 0,01, mientras que en las capturas incidentales (flota camaronera) los individuos presentaron tallas entre 4 y 20 cm, demostrando presión de pesca en los individuos juveniles cuya captura podría tener efectos negativos, debido a éstos pueden ser reclutas para la pesca artesanal. Abstract.-Some flatfish's species are caught incidentally in bottom-trawls and some of them are the target of an artisanal fishery in the Gulf of California, Mexico. To know the number of individuals removed from a population and the effects of their removal, the aim in this study was to estimate the abundance of flatfishes caught as bycatch in bottom-trawls and by artisanal or small-scale fishery in the Gulf of California and determinate the possible competiti on between fleets (bottom-trawl and artisanal with gillnets) for the same resource. During 2002 and 2003, samples were collected from 3 sources: (1) surveys of 2 vessels from the shrimp trawl fleet; (2) surveys in 2 research cruisers; and (3) from an artisanal fleet operating in the coast of the state of Sonora, Mexico.
INTRODUCTION
One of the main impacts of trawling is bycatch (incidental captures including retained and discarded species), usually resulting from absence of selectiveness of fishing gear (Pope et al. 2000 , Davis 2002 ). According to estimates from the Food and Agriculture Organization of the United Nations (FAO), shrimp trawling in tropical areas generate approximately 1.86 million metric tons of bycatch, 27.3% of the total bycatch of commercial fisheries of the world (Kelleher 2005) .
Bottom trawling, especially the shrimp fishery in the Gulf of California, is one of the most important sources of income and employment for communities along the coast (López-Martínez et al. 2001 , Sierra-Rodríguez et al. 2005 ; however, it represent the greatest bycatch contribution in Mexico. This fishery generates approximately 250,000-500,000 ton of discarded fish, crustaceans and mollusks each year (Madrid-Vera et al. 2007 .
Fishes are the most abundant group in the shrimp bycatch from the Gulf of California, which accounts for 95% of this bycatch (López-Martínez et al. 2010 , Rábago-Quiroz et al. 2012 . The majority of fishes in the shrimp trawl bycatch are small species with little or no economic value (Pérez-Mellado & Finley 1985 , López-Martínez et al. 2010 although some of them have commercial value, including some flatfishes. Flatfish species represent between 5 to 12% of the total bycatch of the shrimp trawl fishery (Rábago-Quiroz et al. 2008) . Larger flatfishes and other species (snappers, finescale triggerfish, and rays) are retained by shrimp trawlers because of their high value in the market, providing extra profit to supplement their incomes.
Due to their high value, flatfishes are target of artisanal or small-scale fishery with small boats and gillnets in some areas near the coast in the Gulf of California. The average production of this resource for the artisanal fishery in Sonora was 175, 192, 180 and 335 metric tons live weight, from 2002 to 2005 (SAGARPA-CONAPESCA 2006 .
Incidental capture of some fish species by the bottom trawl fleet has been hypothesized to affect capture yields of artisanal fisheries in the Gulf of California (Rodríguez-Valencia & Cisneros-Mata 2006) . Affected species might include flatfishes, snappers and rays. However, no data are available on the number of individuals removed or the population fraction extracted by each fishery and the effects of these removals.
Bycatch should be examined in the context of biological, ecological, economic, and social impacts to provide a comprehensive evaluation of its overall significance. Its biological impacts have been demonstrated at species, population, and ecosystem levels (Hall et al. 2000 , Lewison et al. 2004 , Kelleher 2005 , Read et al. 2006 . Economic impacts may be substantial when current or potential future exploitable biomass is not available for harvest (Pascoe 1997 , Larson et al. 1998 , Kelleher 2005 . When bycatch results in the mortality of endangered or protected species, it is clearly of concern. Other issues arise when mortality of marine resources results in productivity loss of commercially or recreationally important stocks or when bycatch is perceived as waste. For these reasons the aim of our study was to estimate the abundance of flatfishes caught as bycatch in bottom-trawls, as target species in an artisanal fishery and to determinate whether competition occurs between fleets (bottom-trawl and artisanal with gillnets) for the same resource on the west side of Gulf of California.
MATERIALS AND METHODS
The study area was focused on the coastal waters off the Mexican states of Sonora, Sinaloa (from of Puerto Peñasco southward to the vicinity of Topolobampo, Sinaloa) and Baja California (from San Felipe to San Luis Gonzaga), Mexico. On the western side of the Gulf, the continental shelf is rocky and narrow; the eastern coast is wide, with numerous coastal lagoons to the south (Fig. 1 ).
DATA COLLECTION
Samples were collected from three data sources (1) Commercial shrimp fleet (bycatch) collected from the catch of 2 commercial fishing vessels C/V 'María Eugenia' and 'Verónica', each one covering different areas along the coast in the Gulf of California from September to March 2003. (2) Two research cruises in the Gulf of California, Mexico carried out onboard the C/V 'Delly IV' from July-August 2002 and R/V 'BIP XI' from July-August 2003 since these months represent the closed season for shrimp. The stations were spread out across the shrimp trawling grounds and were the same as those sampled annually by Mexican fisheries authorities (INAPESCA) to assess shrimp population status and determine the opening dates for the fishery. (3) Artisanal fishery, specifically the artisanal fleet operating along the coast of the state of Sonora, Mexico.
For the commercial fishery and research survey the demersal fishing gears deployed from the vessels consisted of paired otter trawls (4.5-5 cm mesh-size), typical of the Gulf of California shrimp fishery. Tows lasted 1 h. Vessel position was tracked using a global positioning system (GPS). At the end of 1 h -1 , fishers hauled in the catch and estimated its total wet mass (kg). A sample (20 kg) was taken from the catch at each sampling station, following the method proposed by FAO and confirmed according to standard criteria (Box et al. 2008) before it was sorted by fishers as shrimp and valuable fishes. Samples were frozen in plastic bags for on-land processing. In the laboratory, the flatfishes captured were separated from the rest of the fish species, and flatfish were identified using the Mexican Marine Fishes Catalogue (INP 1976), Eschmeyer & Herald (1983) , Hensley (1995), and Robertson & Allen (2002) . Each specimen was measured for total length (TL) and standard length (SL) using a conventional ichthyometer to 1 mm precision. For artisanal fishery the sampling was conducted in 2003 in 2 different places where the artisanal fleet of Sonora operates (Kino Bay, El Choyudo). We recorded the species identity, TL, SL and weight of each flatfish captured. The fishing gears used for the artisanal fleet of Sonora were gillnets.
Two quantitative analyses were applied in our study. The first one (abundance estimation by the swept area method) was done using research survey data, and the second was an assessment using catch-at-size analysis. For both analyses, the central theme was the need to address and incorporate uncertainty because bycatch occurs when fishing operations result in discard of fish and invertebrates or interactions with marine mammals, seabirds, and sea turtles. Discard of fish may occur because certain species, sexes, or sizes are not marketable or they are of lower value than other catch components or because regulations prohibit the retention of specific species, sexes, or sizes (Lewinson et al. 2004) . The main consequence of these data limitations is the introduction of uncertainty, both in available and unknown or missing data.
Studies based on knowledge of life history and population parameters can help provide a pragmatic option for preliminary evaluation of the effects of shrimp trawls on the fish species caught incidentally (Foster & Vincent 2010) which implies that appropriate life-history information, where available, will provide an insight into trawling impacts through length-based and qualitative approaches. The need for a quantitative analysis is a priority to obtain additional information and establish a baseline or biological reference points for tracking changes in bycatch over time; these measures could be used to assist in guiding policy design and setting priorities (Caddy & Mahon 1995). 
LENGTH-FREQUENCY DISTRIBUTION ANALYSIS
The lengths of the flatfish captured by the trawl net were represented as length-frequency histograms of the main species captured. To statistically determine the estimated mean values and standard deviations, a multimodal analysis was done using the following equation:
(1) where, P denotes probability, x i is the number of times an event type i occurs in n samples, and p i is the separate probability of each one of the type k events possible. To estimate model parameters it is necessary to transform equation (1) into a likelihood expression; therefore, the new equation is:
(2)
The main assumption for parameter estimation is that size distribution for each mean length or mode can be analyzed with normal distribution to determine that each mode corresponds to a different cohort in the population. Under this condition, the estimations of the relative expected proportions of each length category (P T ) were described using the density function:
( 3) where,  T and  T are the mean and standard deviation of the total length from each cohort and subscript T means total length. In equation 3  is a value penalizing the P T function that forces the objective function to predict the number of the observed frequency distribution (Cerdenares-Ladrón de Guevara et al. 2012) . The initial parameters in equation 3 were assigned based on 2 criteria: (1) visual inspection of the frequency distribution data;
(2) comparison with the structure mode of previous years (Montgomery et al. 2010) . To estimate the expected frequencies and model parameters, it is necessary to compare the estimated and expected values with the negative logarithmic likelihood of the multinomial distribution (-ln L {L| T ,  T }) (Haddon 2001 , Aguirre-Villaseñor et al. 2006 . (4) where,  T and  T are the mean and standard deviation of the total length which correspond to the means that are present in the length frequency distribution of each month. Model parameters were assessed when the negative-loglikelihood function (equation 4) was minimized with a nonlinear fit using Newton´s algorithm (Neter et al. 1996) 
ABUNDANCE ESTIMATION BY THE SWEPT AREA METHOD
Abundance estimates for each flatfish species using the swept area method were calculated from research cruises and commercial shrimp fishery data. The swept area is the effective trawling area of one tow in a determinate time and the covered area is the effective covered area during the entire cruise. It was estimated by: a=W*TV*D, where W is the effective trawl net width; TV is the towing velocity; and D is the tow duration (standardized to 1 h). Once the swept area is estimated, total biomass was given by: B=Cw/v*(A/a), where Cw is the catch per unit effort; v is vulnerability of prawns to the net; A is the total area; and a is the swept area. Vulnerability of prawns and fish to trawling nets is difficult to estimate (King 1997) . Values ranging from 0.5 to 1.0 are normally assumed, so in this case a value of 1.0 was adopted. Dimensions of the covered areas (A) in each sampling were obtained using the geographic position of each haul.
ABUNDANCE ESTIMATION BASED ON CATCH-AT-SIZE

ANALYSIS
Abundance was estimated through the catch-at-size analysis (CASA). The biomass-based CASA method proposed here relies on widely available length composition data and is suitable for data deficient situations. This method was proposed by Jones (1984) and is essentially a virtual population analysis on a pseudo-cohort that can also be performed on catch length-frequency distribution. The data required included length-frequency distribution of the catch representing the pseudo-cohort, a natural mortality vector, an estimate of terminal fishing mortality, and length-weight relationship.
This statistical procedure was applied to P. woolmani, which was the most abundant species in the artisanal captures, and its catch in number of individuals grouped as length-frequency distributions allowed making an unbiased abundance estimate using cohort analysis based on sizes. For this analysis complimentary sources of data were necessary, primarily: areas, seasonality, and statistical data on the catches of the 2003 fishing season from the artisanal fleet of Sonora, Mexico. The information was provided by the Fishery Statistics Department of the state of Sonora. Additional, biological samples of this species were obtained monthly from the artisanal fleet from different sites in Sonora (Kino Bay, El Choyudo), during the 2003 fishing season.
Since the information on flatfish catches from artisanal fisheries is declared in volume (weight), an expansion factor was estimated to extrapolate the size structure obtained in the samples to the catches, and hence continue with the estimation of abundance. For this propose, it was necessary to estimate a biometric totallength/total-weight relationship (W=L b ) obtained by linear regression and using the coefficient of determination (r 2 ) as best-fit criteria, where W is total weight (g); L is total length (cm);  is the average condition factor; and  is the allometric coefficient indicating isometric growth when equal to 3 and allometric growth when significantly different from 3 (Esmaeili & Ebrahimi 2006 , Aguirre-Villaseñor et al. 2008 . The estimated value of  was analyzed using the Student's ttest (Sokal & Rohlf 1995 , Zar 1999 to determine whether growth was isometric or allometric. The estimated lengthweight relationship was used to estimate the average weight for each size interval whose average value was multiplied by the frequency in the respective size interval enabling the total annual weight to be estimated (Sparre & Vennema 1998) . Finally, the catch expressed as number of individuals was estimated from C mi = h * f mi , where C mi is the catch (number of organisms) for the size interval i,  is the expansion factor and f mi is the frequency of the size interval i. The  value was estimated as (5) where W c is the total catch per month, and W m is the weight of the sample (Gulland & Rosenberg 1992) .
Additionally, to demonstrate significant differences among frequency distributions of Paralichthys woolmani, Pearson's Chi-Square Test  2 was applied to measure a goodness of fit between the observed and expected values (Zar 1999):
where o i is size frequency of shrimp trawl fishery/research cruise specimens and e i is that of artisanal fishing specimens. 
RESULTS
IDENTIFIED SPECIES
LENGTH-FREQUENCY DISTRIBUTIONS
Length-frequency distributions of flatfish species during 2002 and 2003 were different among species (Table 1) . The size classes estimated varied between 1 and 4. Flatfish with only one size class were Paralichthys woolmani, Citharichthys fragilis and Etropus peruvianus. A size class was also estimated for a group of flatfish not identified at species level (other flatfish). Two size classes were estimated for Etropus crossotus, and Citharichthys gilberti. Only Syacium ovale had 3 size classes while 4 size classes were estimated for Achirus mazatlanus and Symphurus chabanaudi (Fig. 2) . The estimated values of the mean and confidence intervals (t distribution, P < 0.05) of the length of each size group are shown in Table  1 . The population structure of four size classes estimated for Achirus mazatlanus and Symphurus chabanaudi showed total lengths greater than those estimated for Etropus peruvianus (88.5 mm), and Paralichthys woolmani (76.3 mm). In contrast, for the artisanal flatfish fishery off Sonora, Mexico, the size classes estimated were larger than those observed from research survey data. In artisanal fisheries one size class was estimated for P. woolmani; the mean value was 36.4 cm and the confidence interval was between 35.8 and 37.2 cm total length (Fig. 3) . According to the frequency data of P. woolmani the occurrence of size classes larger than 36.4 cm is possible; however, the data did not show statistically identifiable size classes.
ABUNDANCE ESTIMATES BY THE SWEPT AREA METHOD
Dimensions of the covered and swept areas during the study are shown in (Table 2) . Table 1 . Number of size classes estimated for flatfish species in the Gulf of California from research survey data. The mean value of the size class is in bold (mm) and the confidence intervals are shown in parenthesis (mm) / Número clases de talla estimadas para las especies de lenguados en el Golfo de California a partir de datos de cruceros de investigación. El valor medio de la clase de talla está en negrita (mm) y los intervalos de confianza se muestran en paréntesis (mm) 
ABUNDANCE ESTIMATION BY CATCH-AT-SIZE ANALYSIS
Monthly information obtained from the artisanal fleet during 2003 showed that flatfish were caught throughout the year. March-April and November-December were months of high availability and flatfish catch off Sonora (Table 3 ). In the artisanal captures, 6 abundant species were identified: Paralichthys californicus, Paralichthys woolmani, Pleuronichthys ocellatus, Pleuronichthys verticalis, Hypsopsetta guttulata, and Achirus mazatlanus. The largest (total length) commercial value species were Paralichthys woolmani and Paralichthys californicus, which comprised 95% of the catches. The other flatfish species were small (less than 25 cm TL) and not of commercial value. These species are considered bycatch in the flatfish fishery. The catch of P. woolmani was approximately 70% of the total catch of the artisanal fleet. The size frequency distribution of this species varied from 22 to 92 cm; however the most abundant frequency interval was identified from 25 to 50 cm (Fig. 2) . The total length-total weight relationship estimated for P. woolmani was W=0.0086 TL 3.04 . The coefficient of determination was r = 0.98, and the  coefficient suggested isometric growth (= 3.04, P < 0.05). The cohort analysis based on sizes applied to P. woolmani showed that the size intervals from 25 to 70 cm total length were abundant, and the values of fishing mortality-at-size and exploitation rateat-size were < 0.01 (Table 4 and 5).
The goodness of fit  2 test showed significant differences between size frequency of P. woolmani ( 2 cal = 65.73 - 2 tab = 61.65, P < 0.05, d.f.= 45), which means that each fleet operated on different population fractions (sizes) albeit with slight overlap between them. The shrimp fleet/research cruisers extracted mostly small-sized individuals (4-12 cm TL) while the artisanal fleet extracted larger sizes (30-55 cm TL) ( Figs. 1 and 2) likely due to fishing gear selectivity. 
DISCUSSION
Fishes are the most abundant group in the shrimp bycatch from the Gulf of California, constituting 95% of the catches (López-Martínez et al. 2010 , Rábago-Quiroz et al. 2011 . Flatfishes represent about 9% (5 to 12%) of the total bycatch (Rábago-Quiroz et al. 2008) . Some of these flatfish species are commercially valuable and are retained by the fishers because of due their high value in the market (Paralichthys woolmani, P. californicus).
Most of the fishes incidentally captured by the shrimp trawlers are small in size (5-25 cm TL). For flatfish species the length-frequency distributions analyzed in our study showed that the gear used in the shrimp trawl fishery had an impact on individuals with a total length of less than 13.7 cm. These individuals are recruits, and as a consequence bycatch of these individuals could represent growth overfishing, which occurs when animals are harvested at an average size that is smaller than the size that would produce the maximum yield (Hilborn & Walters 1992 , Quinn II & Deriso 1999 . In addition, the species of flatfish captured by the shrimp trawlers showed few size groups with the exception of Achirus mazatlanus, Syacium ovale and Symphurus chabanaudi (Fig. 2) . The number of size groups could be an indicator of the population condition. Froese (2004) suggested 3 lengthbased indicators to assess a population for overfishing: percentage of retained fish that are a) mature, b) at optimum length and c) mega-spawners. The effect of bycatch on the number of size classes of flatfish provided new insight into the life-history and population parameters of these species. Rábago-Quiroz et al. (2008) found that flatfish species in shrimp trawl bycatch in the Gulf of California were smaller than the first sexual maturation size (more than 60% of the organisms of each species). Consequently, 2 demographic features such as the number of size groups and a reduction in size at first sexual maturation suggest a negative effect of shrimp trawling on flatfish populations. If small sizes or species show the potential for overfishing, then a re-evaluation of small species status, which have generally been considered resilient to fishing pressures.
In the first analysis (swept area method), the most abundant period was observed during July-August 2003 (survey research); and the lowest abundance was estimated during February-March, 2003 (commercial shrimp trawl) . Events that could explain the variability in abundance estimations are the migration habits of some flatfish species, mainly of the genera Paralichthys, Etropus and Achirus, which have a reproductive migration from deep waters to coastal areas (Balart 1996 , Reichert 2002 . According to Petrakis et al. (2002) and Rábago-Quiroz et al. (2008 , 2011 both behavior and geographical distribution can be important factors in determining the abundance and catch composition of some species. Migratory marine fauna visit coastal areas within the range of small-scale fisheries, potentially producing high bycatch mortality with serious conservation consequences for vulnerable populations (Stearns 1992). The abundance of fish based on survey research on the bycatch of the shrimp-trawl fishery has been previously reported by Madrid-Vera et al. (2007) ; estimates over time can be used as indicators of the condition of the populations, and be useful as a baseline for understanding the variability of these species. If bycatch is analyzed from experimental trawls, then indicators such as productivity, population structure and diversity can be estimated (Madrid-Vera et al. 2010) .
However, if the species caught as bycatch are also targeted by a fishery, bycatch management is very difficult. This situation occurs in the flatfish fishery in the Gulf of California. The artisanal fleet in Sonora, Mexico catches P. woolmani, and although commercial catches consist of individuals larger than 22 cm total length, the bycatch comprises individuals between 2-17 cm, showing fishing pressure on younger individuals of the population. In contrast, the commercial fishery (artisanal) avoids recruitment overfishing because it has harvest control regulations such as fishing areas and minimum legal size. The existence of uncertainty in biomass can impede progress in conservation efforts because management actions needed to protect a species can be delayed until conclusive evidence is available. Therefore, finding ways to address data uncertainty explicitly is one of the primary challenges for bycatch research in the Gulf of California.
By necessity, bycatch research makes demographic and analytical assumptions; for example, positive logbook data records accurately characterize bycatch or that bycatch rates from one fleet can be used to accurately describe bycatch from another fleet. The challenge is to present the caveats and limitations of these analyses explicitly and show how robust results are in response to deviations from assumptions. An approach was used to assess the dusky dolphin Lagenorhynchus obscurus bycatch in trawl fisheries off Patagonia, Argentina suggesting that trawl bycatch probably exceeds a population threshold of R/2, where R represents the upper limit of mortality that a population can sustain before declining (Dans et al. 2003) . To consider population-level effects of shark bycatch in the Northwest Atlantic pelagic longline fishery, Baum et al. (2003) used bycatch records from logbook data, which cover many more years than the observer data for this fishery. To address probable bias and uncertainty in the fisheries-dependent logbook data, the authors developed a method that only included records of positive (non-zero) bycatch, assuming that, if a positive bycatch value was recorded, it was a correct approximation of the bycatch observed. From this analysis, these authors showed evidence of rapid and substantial declines in large coastal and oceanic shark populations as a result of bycatch in this region.
The commercial flatfish fishery (artisanal) in the Gulf of California is fishing larger individuals than the shrimp fishery (bycatch). Fisheries management is applied to the shrimp trawl fishery, primarily passive management based on a closed fishing season (DOF 2013) 1 ; hence the flatfish species in the bycatch is aided by the same management action. According to Casey & Myers (1998) commandand-control approaches such as fishery closures are often impractical and inadvisable. However, Hall (1996) and Hall & Mainprize (2005) explained that the spatial and temporal distribution of the target species is relevant. If the distribution of target species and bycatch is similar, then the cost of the closures in terms of target species losses will be high. The key variable is the bycatch to target species ratio in all spatial or temporal strata considered.
When this ratio is high, the potential value of closures is also high. López-Martínez et al. (2011) argue that the shrimp closed season (March to August) in the Gulf of California, equally serves other species of fish bycatch since their reproductive period occurs during this time. They also note that the wide latitudinal and bathymetric distribution of bycatch species (larger than the shrimp fishing areas) has implications for the survival of these species (Rábago-Quiroz et al. 2012) . Therefore, the few areas that are inaccessible to shrimp trawls will serve as natural refuge areas for bycatch species at depths where they are mainly caught by the commercial shrimp fishery. Finally, effective management of flatfish in the region depends on understanding the population dynamics of target (shrimp) and flatfish species and related ecosystem processes. Reliable quantitative information on flatfish (bycatch) is essential for the assessment and management process of the shrimp fishery.
